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CYBERNETICS

NATIONAL CONFERENCE IN KAZAN' ON OPTIMAL CONTROL IN MECHANICAL SYSTEMS
Moscow TEKHNICHESKAYA KIBERNETIKA in Russian No 6, Nov/Dec 1978 pp 209-210

{Article by F. L. Chernous'ko: "Chronicle -- The Second All-Union Confer-
ence on Optimal Control in Mechanical Systems']

[Text] The Second All-Union Conference on Optimal Control in Mechanical
Systems was held on 25-27 January 1978 in Kazan'. The conference was or-
ganized by the Institute of Problems of Mechanics of the Academy of Seci-
ences USSR and the Kazan' Order of the Labor Red Banner Aviation Institute
imeni A. N. Tupolev. Roughly 300 specialists from scientific research
institutes, organizations, and higher educational institutions in Moscow,
Leningrad, Kiev, Kazan', Sverdlovsk, Novosibirsk, Minsk, and other cities
of the USSR took part in the work of the conference. At the conference
188 reports were presented, four in plenary session and 184 in sections.
Compared with the First All-Union Conference on Optimal Control in Mech-
anical Systems, held 2-4 December 1974 at the Institute of Problems of
Mechanics in Moscow, the number of reports increased substantially (al-
most triple) and the geographic representation was better.

Let us briefly review the content of the plenary reports.

T. K. Sirazectdinov and A. I. ~molov gave a report entitled "The Chief
Task in Control of Mechanica. _ystems." 1. presents a general formu-
lation of the task of synthesizing control systems from the point of view
of meeting given technical specifications put in the form of constraints
of the inequality type. The existence conditions for a solution to the
problem are given. The report reviews research in this area and points
out solution aigorithms. The authors present a series of concrete engin-
eering problems encompassed by this formulation and show the connection
between it and problems of automating the design of mechanical systems.

N. N. Krasovskiy and Yu. S. Osipov presented a report entitled "Static
Control of Evolutionary Systems." It was devoted to the problems of con-
trol of systems with distributed parameters in conditions of uncertainty.
The authors considered general controlled evolutionary systems, in par-
ticular covering systems described by equations in partial derivatives,
with incomplete information about phase state and disturbing forces.
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The authors give a rigid statement of the game problems of control for
such systems and show the solubility conditions for the problems under
consideration. .

K. A. Lur'ye and V. A. Troitskiy presented a report entitled "Optimiza-
tion of the Structure and Form of Elastic Design Elements." They cited
results with optimization of various one- and two-dimensional elastic
elements: cores, plates, and shells. The controls are the geometric or
mechanical characteristics of an elastic body and the functionals are dis-
placements, the weight of the elements, their own frequencies, or criti-
cal forces in loss of stability. The report describes ways to conmstruct
the necessary conditions of optimality, particularly by variation tech-
niques. A number of special features of these problems are noted: dis-
connected and special solutions, tensor control functions, and the like.
A number of solutions to problems of optimizing cores and plates are

= given.

F. L. Chernous'ko and A. A. Melikyan presented a report entitled "Problems
of Information Control in the Games of Dynamic Systems." The report was
devoted to differential games with incomplete information in which one or
both players are unable to observe the opponent for the entire interval

of movement; rather they can observe only part of the motion, at certain
moments or intervals of time. The set of observation moments is either
given or controlled by the players in the process of the game. A series

of convergence and pursuit games with incomplete information was studied.
The minimum information needed by the players to complete the game success-
fully is indicated.

The conference had four sections which held 28 meetings. The section on
"Control of Complex Mechanical Systems" considered primarily problems of
control of various technical systems with many degrees of freedom. Con~-
trol algorithms were set forth and system dynamics investigsted. The
section on "Optimal Control of Movement" covered problems of the theory

of optimal control of deterministic and stochastic systems, techniques of
constructing optimal control, problems of differential games, and various
applications of optimal control to dynamic systems. The section on "op~
timal Control in the Mechanics of a Continuous Medium" was devoted to the
theory of control of systems with distributed parameters, optimization of
elastic and plastic bodies, and problems of optimization in hydrodynamics.
The reports given in the section on "Optimization and Automation of the
Designing of Mechanical Systems" dealt with problems of optimizing designs
and their elements and questions of constructing algorithms for automation
and optimization of design work.

COPYRIGHT: Izdatel'stvo "Nauka", "Izvestiya AN SSSR. Tekhnicheskaya
Kibernetika", 1978

11,176
Cso: 1870
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ELECTRONICS AND ELECTRICAL ENGINEERING

UDC 681.3.181.4

A SYSTEM FOR TESTING MICROPROCESSOR LARGE SCALE INTEGRATED CIRCUITS AND
MICROPROCESSORS

Novosibirsk AVIOMETRIYA in Russian No 6, Dec 78-Jan 79 pp 33-42

(Article by B.I. Borde, Ye.A. Vysov, A.A. Zhuravley and V.G. Cherepanov,
Krasnoyarsk, manuscript received following revision 18 April, 1978]

[Text] The development of the production of large-scale integrated circuits
(BIS) [LSI] is resulting in new requirements on test equipment, since LSI
clrcuits are no longer simply structural components, but rather a complex
functional circuit housed in a package with a limited number of leads and
having a considerable number of internal states. In this regard, the process
of testing large scale integrated circuits, among which processor components,
microprocessors, memories (main memories and read-only memories) are included,
is not effective when manual methods are used. Various methods and test stands
are being developed for automated testing: specialized ones for testing one
microcircuit type and all-purpose ones for testing LSI systems [l - 6]. The
latter have an advantage, since it is not necessary to design new equipment
for each specific integrated circuit,

»
An all purpose system for testing LSI circuits is treated in this paper, where
these circuits are compatible with TTL circuits in terms of the signals, and
the system is based on a series produced microcomputer which permits the func-
tional parametric and dynamic testing..of large scale integrated circuits.,

The system includes (Figure 1): a microcomputer with a set of peripherals, a
well developed control unit for the peripherals and a group of peripherals
(VU), one of which is the LSI testing peripheral unit. The computer is
coupled to the UVU [peripherals control unit] through an input-output inter—
face, to which a group of UVU's can be connected, as well as a PL-80 perfor-
ator control block incorporated in the computer complex, a peripheral memory,
etc.

One of three microcomputers can be employed in the system, where these comput-
ers are compatible in terms of the instruction system and the input-output
interface ("Elektronika 5-50" [7), and others) and which have the following
main characteristics:
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Figure 1. Block diagram of the LSI testing system designed around a
microcomputer.

Key: 1. Microcomputer;

2. UV [input-output unit];

3. IVV [input-output interface];

4, Computer input-output interface buses;
5. BUPR [perforator control block];

6. UVU [contrel unit for the peripherals];
7. BUP [printout control block];

8. "Consul-260";

9. PL-80 perforator;
10. Bit (series) interface;
11. LSI circuit testing peripheral unit;
12, VU 1 [peripheral 1];
13. WU n [peripheral n];

14, Transducers for climatic tests];

15, LSI circuit, :

~~The word format is 16 decimal digits (mantissa sign, 12 decimal mantissa
digits, an exponent sign and two digits for the exponential order of mag-
nitude);

--The time for executing short operations is 0.5 msec, and 2 msec for multi-
plication type operations;

-=-The volume of the S-50 computer memory is one Kbyte (without expansion);

-=The computer input-output interface includes eight forward buses and eight
return buses, four identification buses, five control buses and two prior-
ity service buses;

' --The exchange rate with the peripheralé is 10 Kbytes/sec;
-~The exchange of data is accomplished in a binary-decimal code.

4
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The structure of the peripherals control unit. The coupling link between
teh computer and the group of peripherals is the peripherals control unit.
Some elght peripherals can be connected to the UVU. Included among the
functions performed by the UVU are: the reception of instruction messages
from the computer, their conversion to the peripheral format and their trans-

. mission to the peripheral interface, the setting of the interval between

’ readouts, the determination of the number of channeis during the interval
time between readouts, the reception of data from a peripheral, the conversion
of the data to the computer format and its feedout to the input-output inter=
face of the computer. An informational message for the UVU includes: L 1is
the mark code field (highest order digit of the mantissa), which determines
the number of the UVU and serves to addressand identify it; Wy [Ij, Ip] are
the code fields of the interval between readouts (two decimal digits), Ij
determines the output of the frequency divider, which can be set within a
range of 10-3--10~% Hz, and I2 is a multiplier (which can vary from one to
aine); the interval time between readouts in seconds is defined by the formula
T = I3/l and can vary within a range of from 10-3 to 9 - 104 seconds; Kj and
Ky are the code fields of the number of channels (two decimal digits); P is
the field of the code for the operating mode of the UVU; mantissa digits

= 7--12 are not used.

The peripherals control unit (Figure 2) includes the following: a code output
register (RV); input diode gates [VV]; a readout interval setter (UZIO); a
counter and register for the number of the channels (SChK and RK); an instruc-
tion encoder (ShK); an identification decoder (DshI); a UVU selector (DSh UVU);
a UVU--peripheral unit series interface block; a parallel interface block for
the LSI peripheral unit and the control unit (UU). An input byte trunk is
organized within the UVU for the addresses and data, as well as an output byte
trunk for the data.

The operation of the major assemblies of the UVU was treated in [8]. The
information exchange between the UVU and the peripheral is relized through the
peripherals interface. Included in the functioning of the UVU--peripheral
unit interface are the operations of decoding the peripheral unit address,
synchronization during data exchange, the matching of the signal levels and
formats of the information representation, the organization of interrogations,
etc. For the purpose of reducing the number of galvanically isolated buses,
used in the system is a series bit UVU-peripheral unit interface, which is
intended for analog to digital conversion and digital to analog conversion
Interchange with a peripheral, as well as a half-byte interface to organize
the Interchange with the LSI testing peripheral, Its functions include the
operations of information interchange between the UVU and the LSI peripheral.
The LSIL peripheral interface includes four forward transmit information buses,
four rcturn transmit information buses and three control buses.

The analog to digital and digital to analog converter peripherals were dis-—
cussed in [9]. The LSI testing peripheral is intended for testing processor
elements, memories (core storage and RUM's), as well as other microcircuits

5
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Figure 2. Block diagram of the contvol unit for the peripherals.

Key: 1. RV [code output register];
2, Main output trunk of the control unit for the
peripherals;
. ShK [instruction encoder];
. RM [?mantissa? register];
UZIO0 [readout interval setter];
SChK [counter for the number of the channels];
RK {register for the number of the channels];
7. BPI [half-byte interface block for the LSI eircuit
peripheral unit];
. Half-byte interface buses fox the LSI testing unit];
. BBI [bit interface block];
10, Series (bit) interface buses of the peripherals
(analog-digital converter, digital-analog converter);
- 11, VV [input diode gates];
12, Main input trunk;
- 13. DSh UVU [peripherals control unit selectorl];
14. UU [control unit];
15. DShI [identification decoder}.

O O

The structure of the LSI testing peripheral includes the following (Figure 3):
an instruction message register (Pl); a reply message register (P2); a counter
(Sch) [2] and a decoder (DSh) [9] for the interface sync pulses; a marker de-
coder (DShl) [3]; a clock frequency generator (UTCh) [4]; receive logic, infor-
mation output logic and sockets for the connection of the LSI circuit.
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Figure 3. A block diagram of the LSI testing peripheral.

[Key on following page]
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(Key to Figure 3 on preceding page]

\ LY

Key: 1. SI [sync pulse];
2, SCh [interface sync pulse counter];
3. DSh 1 [marker decoder};
4, Clock frequency generator];
5, Sync pulse connecting socket;
6. VV [input diode gates];
7. Output connecting socket];
8, Output connecting socket];
9, DSh [interface sync pulse decoder];

Y[4] are the input and output half-byte buses of the interface;
Pl = instruction message register;
P2 = reply message register,

The instruction message register intended for receiving and storing an instruc-
tion message (two wordsO, based on which the clock frequencies are generated

and infromation i1s fed to the LSI. The word for setting the clock frequencies
(word F) is intended for generating a sequence of synchronizing pulses in
accordance with a specified code, where these pulses are necessary for the func-
tioning of » specific LSI circuit. The information word of the LSI (the word

W [1]) con.nns an operand on which operations are performed, an operational
code and control signals in the case of microprocessor LSI's, or an operand

and address when testing memories.

The siructure of a message for specifying the clock frequencies is given in
Table 1, and includes: the marker necessary for addressing the LSI peripheral,
the ¥l field determines the choice of the output of the decade frequency di-
vider (from 10 MHz down to 1 Hz) by means of multiplexer M1 (Figure 4), the

F2 field, which using multiplexer M2 determines the second frequency division
stage (F2 = 1, 2, 4, 8). The remaining eight half-bytes of the word (field

F3) specify the cholce of the sequence of synchronizing pulses with programable
time delays, SI1, S12, SI3, and SI4,

The structure of an infromation word for the LSI is shown in Table 1. The
information word for a LSI includes: a marker, the Ml [I1l numerical data field,
the M3 [13] operation code field (address field when testing memories), and

the M2 [12] control signal field. The marker code is written into Pl upon the
"recelve" UVU signal and the code DSh = 1 [interface sync pulse decoder code =
= 1], The authorization for the continued reception of the word F or the
word I is based on the agreement of the "receive'" signal with the control
slgnal of the DSh and the signal of the marker decoder DShl,
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Key: 1. Mantissa digits of the computer information message;
2, Possible value of a mantissa digit;
3. Word field Word field identifier, F;
4, Possible value of the field of word F;
5. Designation of the field in the peripheral;
6. Marker 7;
7. Frequency;
8. Divider;
9, Choice;
10. Not used;
- L11. Value of the word field W [I] for a K584IK1 LSI;
12. Designation of the field in the peripheral unit when trans-
mitting the word I for a KS584IK1 LSI;
13. Operation code word;
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(Key to Table 1 continued]:

14, Marker 8;

15. Input buses 3;

16, Input buses 2 == 0;

17, Shife to the right 1, shift to the left 1}
18, Shift to the right 2, shift to the left 2;
19. Carry input of the program counter OPl;
20, OP2 =~ OP4;

21, OP5 =~ OP6;

22, 0P7 ==~ 0P9;

23, Control of the positions of the SLI}

24, Increment control. Priority.

The reply message register (P2) is intended for the reception, storage and
output of the LSI reply message to the interface buses. The structure of
the reply message is given in Table 2, The signals for writing the informa-
tion into the register are set by the operator at the connecting socket for
the sync pulses. Data is fed out then to the trunk upon the “"trnasmit"
signal using half=-bytes.,

The clock frequency generator (see Figure 4) consists of an £ = 10 MHz pulse
generator, a two stage frequency divider (SChF, SCh10, Ml and M2), decimal
counters with decoders, where a sequence of pulses shifted by one-half perind
is fed to one of the decoders, eight multiplexers for selecting two sequences
of sync pulses in accordance with the F message, where these pulses are
shifted with respect to each other (SI1 and SI2) and two sequences of pulses
(SI3 and SI4) which are determined by the combinations of SI1 and SI2 (see
Figure 4). The widths of the SIl and SI2 synchronizing pulses are determined
by the F1 and F2 flelds of the register P1: tgr3 = tgr2 = F2/F1, where F1
specifies the choice of the frequency within a range of 106 -~ 10-1 Hz, and
F2 specifies a multiplying factor (1, 2, 4 or 8). The widths'of the SI3 and
S14 synchronizing pulses are determined as combinations of SI1 and SI2 in
accordiance with Figure 4 based on the following formulas:

Tau Teiiz
ot s femnel =5 Tomw : Tonm r%"’:

Ten e T
Yeas o Pzl S Tane - fane il.w.

h ST

Cit T
Yo tens =5 Tewa o Lo

Tens

Tenn  C tenn V==

[cu = S1 = synchronizing pulse]
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The requisite synchronizing pulses for controlling a specific LST are
switched at the sync signal socket.

Table 2 The Reply Message of a Peripheral
() ..:fl'."l'f:?ﬁ'&.:".'.’.'.,".'.l-':'if“l'ﬁ. i lalal a]s e |2 alo Jw [ utu
siigemn ¥ D
(2) Ihnuumnm'.anm
mn e ™ o colo oo ofo 10 [0 fown forn|vofoi0 00 lown] 0w
@3y Vet e o fin a2 [ 1 Jisa i {2 | —
RERTTRIN 0" Hoan
(T .M
() bl K‘MIII{I“ 8 oot dto ot 06T O o= [ 0-2]047] ~
e m -
) g .
| vil% |3 : :
. ~ A P 2“ 2 §§ £ §§ = | ¢
(5) v o ~lw|28 |88 |88 g E8|ed 2
(LRI F T RTTI ] B B[2E |SE | m e e| & & §- ]
Wi kSR | o | @ (o [5d[56 |3 |2 |28 d gg gs g
HHHHHHEB IR IE
1=[3130138 12 12 |82l2 55815812
6 7 8 9 10 11 12 13 14 15 16 17
Key: 1, Mantissa digits of the computer information message;
2, Possible value of a mantissa digit;
3. 1 field identifier;
4, Value of the I word field for a K584IK1 LSI;
5. Purpose of the field when testing a K584IK1 LSI;
6. Marker 8; .
7. Output bus 3;

Output buses 2 «- 0;

Shift to the right 1, shift to the left 1;
Shift *o the right 2, shift to the left 2;
Bus AJ;

Buses A2 --AQ;

Highest order bit of the expansion register;
Not used;

Carry accelerate signals;

Increment control;

Not used.
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The automated LSI testing system was used for 121, testing [10] of a K584IKl
microprocessor., The requisite conditions for testing the mieroprocessor are
the generation of a controlling code for the operations, the code for the
number transmitted to the LSI, and the control signals for the positions,
priority, ete., the raception of the number code and the address code of the
LSI, as well as the carry signals, etc.

The structure of the instruction and reply messages for a K584IK1 micro-
processor are shown in Table 1 and 2. The base eight numeration system is
used for the information interchange. In view of the fact that the K584IK1
microprocessor (MP) has a large number of instructions (512) the testing
program was broken dowm into several suroutines, executed sequentially using
the same algorithm, An analysis of the results of the subroutine run shows
the absence or presence of a dropout in the given group of instructions, and
it is necessary to run all subroutines to check all 512 instructions., The
algorithm for the microprocessor test is run in the following sequence!

1. Primary loading of the peripherals control unit (the computer transmits
the information message for setting the operational mode to the peripherals
control unit).

2. The transmigsion to the LSI peripheral unit of the word F for specifying
the sequence of clock pulses needed to check the microprocessor for 1its
operating frequency.

3. The input of the first group of instructions for checking in the sub-
routine.

4, The generation of the current information word for the LSI, which deter-
mines the type of instruction being executed and the operand c¢n which the
operation is performed.

5. The trnasmission of the information word to the LSI peripheral unit,

6. The triggering of the microprocessor at its working frequency to execute
one instruction.

7. The reception of the result of executing speciffed instruction,

8. The analysis of the completion of the specified group of instructions.

9. Checking the result of executing the group of instructions, If the re-
sult is not correct, an analysis is carried out for the chance of a

failure, for which the given group of instructions is executed three
times after which a failure rveadout is accomplished.

- 12
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[Key to Figure 4 on the following page]
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{Key to I'igure 4]:

Key: 1. Frequency divider, SChF;

2, G [pulse generator];

3. T [flip-flop for triggering the clock frequency generator
to generate a series of synchronizing pulses];

4, M [{multiplexers for selecting the code sequences to
generate the sync pulses;

5., SCh [counter];

6. DSh [decoder];

cy = Synchronizing pulses.

10. In the absence of a failure, a check for completion is made, and if the
last subroutine has been run, the computer indicates the good operating
condition of the microprocessor, otherwise, it moves on to the next
processing subroutine.

Core storage with a volume of 8 Kbytes is necespary for a complete check of
microprocessor functioning, while to check individual groups of instructions,
the requisite volume of the core storage fulls in range of one to four Kbytes.

Besides testing LSI's, the system developed here permits checking and debug-
ging subroutines which executes specific algorithms, by means of specifying
a sequence of codes for microprocessor instructions which are needed to re-
alize a specific operation (addition, multiplication, etc.). In this case,
the result of an operation is obtained rwver several cycles, determined by
the depth of the subroutine for a specilic operation, while the result of
its execution 1s indicated on the computer. A programming change in the
clock frequencies and widths of the sync pulses permits shecking the work-
ing range of~frequencies of a LSI, and when other analog-digital and digital=-
analog converter peripherals are used, permits the performance of climatic
tests and tests of the power supply parameter scatter. A drawback to the
system developed here can be considered the necessity for working in a base-
eight system, the limited volume of the computer memory and its slow speed.
The system is designed around K-155 series integrated circuits of a midrange
level of integration. A general view of the system is shown in Figure 5.

14
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ELECTRONICS AND ELECTRICAL ENGINEERING

UDC 681,33

A SIGNAL MEASUREMENT METHOD FOR WIDE RANGE INFORMATION GATHERING AND
PROCESSING SYSTEMS

Novosibirsk AVIOMETRIYA in Russian No 6, Dec78-Jan 79 pp 91-95

[Article by V.R. Voznyuk, B.M. Glinskily and V.M. Ivanov, manuscript received
6 February, 1978]

[Text] When designing digital systems which realize information retrieval
and processing in real time in a wide amplitude range, there arises the
problem of converting the analog signals to a code with a constant relative
quantization error over the entire range.

For example, such a problem occurs when processing geophysical information
using the method of the formation of a field in the near field, where it is
necessary to record the formation process curve in wide ranges of time
(10-4 -- 102) and amplitude (106) [1]. The processing unit should automat-
ically record the signal (the e.m.f. from the receiving circuit) throughout
the entire amplitude range with a specified error. The e.m.f. curve can be
conventionally broken down into three ranges with respect to time: "early
times" (the signal many times exceeds the noise), "mean times" (commen-
surate with the noise), and "later times" (many times less than the noise).
In the second and third ranges, it is necessary to use special methods of
signal detection: storage, and the suppression of periodic and pulse inter-
ference.

The problem posed here can in principle be solved using the device described
in paper [2]. The device contains binary amplifiers, an analog-digital con-
verter, comparison gates, switches and a computer, which on the basis of two
readouts makes a linear extrapolation of the signal, and for the point in
time of measurement, generates such a gain that the maximum number of digits
is used in the analog-digital converter. Such @ device will operate effec-
iently when processing comparatively "smooth" signals and can lead to sub-
stantial errors when measuring a signal under conditlons of strong interfer-
ference ( the point in time of the measurement can coincide with an interfer—
ence spike, and the digit network of the analog-digital converter will over-
flow). A drawback to this device is also the presence of a special computer
block forsignal extrapolation, the operational speed of which limits the use
of the device in measuring high frequency signals.
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: The drawbacks indicated here can be eliminated by means of a simpler method
of selecting the gain of the binary amplifier. The essence of the method
consists in the fact that prior to measurement, during a specified time
interval, the mixture of signal and interference is observed, in which case
the greatest value of the mixture of signal and interference is registered,
l.e., the minimum gain at which the possibility of measuring signals which
exceed the dynamic range of the analog-digital computer is precluded, and
the signal is recorded at this gain at a specified point in time. In this
case, the possibility of quantizing the signal while not completely using
the digit capacity of the analog-digital converter i3 not precluded, something
which can lead to an increase in the signal measurement error. However, it
was shown in paper [3] that for steady-state interference with a normal
distribution of the instantaneous values of the amplitudes, the signal mea-
surement error weakly depends on the analog-digital converter quantum, for
the case of a sufficient number of averagings, It follows from an expression
§, derived in this paper, for the measurement of signal in the presence of
interference, taking the quantization error into account, that when ¢/q 2
21 (o 1is the mean square deviation of the interference, q is the analog-
. digital converter quantum), the measurement error practically does not depend
- on the size of the analog-digital converter quantum, & = o/UoVﬁ_, and is de=-
termined by the number of repetitions N (Ugp is the measurement signal).

Shown in Figure 1 is the circuit of a devicewhichamplifies and converts a
signal, and which operates using the proposed method. The device functions
in the following manner: at the initail point in time, the flip-flops are
reset, and then at a selected point in time, an instruction arrives which
sets the time interval prior to measurement and registers the gain of the
binary ampliffer (FKU). When measuring a signal without interference, the
width of this instruction can be extremely small, and it should immediately
precede the signal measurement. In the presence of interference, this inter-
val should be determined by the nature of the interference, and in this case,
the greatest value of the mixture of signal and noise is registered in the

RS flip-flops, which are controlled by comparators (i.e., the minimum gain

is noted). In fact, if the signal at the output of a particular amplifying
gate exceeds the comparison level of the comparator, then there appears at
the output of the comparator the correSponding logic "1". Thereafter the
flip-flop accuates, which through the AND gate inhibits the connection of
the output of this element to the input of the analog-digital converter and
authorizes the connection of the former [the flip-flop]. It is expedient

to choose the comparison level somewhat lower than the maximum voltage being
converted by the analog-digital converter. Upon the instruction to determine
order of magnitude (OP), a binary exponent aj 1s generated at the output

of encoder CD, where this exponent describes the selected gain K = 2982,

Upon the same command, the corresponding switch (K) is turned on, through
which the signal flows from the output of the selected amplifying element

to the analog-digital converter. The "conversion" instruction triggers the
analog-digital converter, which initially stores the signal being measured

at the specified point in time by means of a comparator clamp for the voltage

19
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level [4], and then converts it to a tAy code. Thus, the signal being
measured 18 represented in the form of a binary number with a floating deci-

‘mal point, tAg 282, This numerical form permits the representation of

signals in a wide range of amplitudes and 1is most advantageous from the view-
point of cquipment outlays when performing storage operations in a processor.

The time interval set aside for observing tiie interference is determined by

the spectral composition of the interference and the variation in the ampli-
tude of the signal being measured. If during the observation interval, the
interference characteristics do not change substantially, thea the interference
at the input to the amplifier can be assessed as a steady-state random process.
Then one can determine the average number of overshoots P (ST) at a level C
over a time T for normal noise with a uniform spectral density in a range of
frequencies from O up to Af [5]:

Tv\,(' MG la)
i
where C 1is the comparison level; o is the mean square deviation of the

interference. The time interval over which P overshoots can occur is de-
termined from this:

PG, T)m

P ‘/;'f,'l:'n [T

T - —*--—-l\-r—-—-.

Let us assume rhat it is necessary to find the time interval in which even
only one overshoot occu:s at the input of a particular amplifier gate, where
C/6 = 1, Then, for the case of a frequency bandwidth of Af = 100 KHz, one
can determine the requisite time interval T = 24 psec,

2° 2’ 2
o] -- Ty > ' > D__!
o _c@ Lﬂf—-‘
> > >
_nn [ ® | 8 L Mo

Figure 2,

The given binary amplifier circuit design having automatic selection of the
gain was realized in the "Zond-1" equipment, intended for operating on the
basis of the method of field formation in the near field [6]. The time for
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observing the interference was T = 25 psec, and the comparison level was

equal to 2 volts. An analog-digital converter with digit by digit equili-
brating with 10 digits (including the sign) was used to represent the mantissa
of the number (Upax = $2,555, with a 5 mv quantum) [7], The gain KK could
assume the following values: 20, 23, 26 297 212 4nd 215, The amplifier and
the analog~digital converter, in conjunction with the processor, provide for
signal measurement in a range of from £2,555 down to +10~6 volts., The resolv-
ing power of the amplifier and converter channel amounts to 20,15 uv where
the number of repetitions is N = 214,

w'h v
LE
K U’ volts pomm - m-n-"e. L}
L] ' L !
1
i .
| 2 ydomder" Culras
ot M & )
&y
)y
‘ 4
[TIEYRRY ST
2 tatuem 1 msec
N=d4006

:‘ £10.180weBIT &= y008eNs wym0 ¢ P12

“1£(t) = 60 yV (eff) = noise 1&el from the G2=12

5| Key: 1. “Zond-1";
6 2. Power switch;

. 3. G2-12 oscillator,
‘|
QA0 W i€ 17 40 48 S¢  ¢a a0 uE tue
t, msec
Figure 3,
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The amplifier conaists of two groups of binary amplifiers: a multistage

input switeh, intended for protecting the amplifier apgainat overvoltages in
the initial stage of the transient process, and for sampling the signal at
specified points in time (Figure 2), The input stages are designed in a
differential configuration, semething which allews * r a substantial reduction
in the influence of external interference and induced noise.

It i¢ difficult to achieve considerable suppression of in-phase interference
in a wide dynamic range, and for this reason, a circuit configuration was
chosen for the amplifier whieh consists of two sections, ' One amplification
dection operates in a range of input signals of from & + 10=3 up to 2.5 volts
and has a suppression factor fro in=-phase interference of 60 dB; the second
is intended for input wignals of less than 4 + 10-3 volts and has a suppresg=
sion factor for in-phuse interference of 95 dB., The amplifiers are designed
in a configuration having automatic zero drift correction, For this purpose,
the pulses which control the clusing of the input switch, simultaneously en-
able the fine tuning of the zero level of the amplifier gate, connected in

@ level clamping (F) feedback circuit, When measuring the signal, the input
switch is opened, however, the zero level of the element is preserved by
virtue of the correction voltage which 1is stored in the clamp device, The
shunt=type 1input switch consists of five series switches using 1KTO1ll inte-
grated microcircuits and can suppress an input effect by 32 « 109 times,

The input stages of both sections are designed around field effect transis-
tors, which are selected in pairs, the operational point of which is fixed
at the temperature independent point to redute the influence of temperature
on the drift of the input stages. The amplifier stages are designed around
1UT401B operational amplifiers and have a yain error of no more than 1% in
a temperature range of from -10° to +40° C. The internal noise voltage,
referenced to the amplifier input in a frequency range of 0 -~ 100 KiHz,
amounts to an effective value of 10 pv,

Shown in Figure 3 are the results of a calibration curve measurement of

the "Zond~1" station. An exponential curve was fed to the input of the
amplifier, driven by rectangular pulses from the power switch, with addi-
tively superimposed noise. The exporfential time constant was t = L/R =

= 1 msec, and the noise level was 60 v (eff), The exponential curve was
recorded at 16 time points, distributed with a progressive step, Some 10
curves were reported in time range of from 0.2 to 9.6 msec where the number
of repititions was N = 212 « 4,096 (one realization). The calculated curve
is Indicated fn the Figure [4] by the solid 1ine, while the averaged results
over the 10 realizations are indicated by the dots, while the small line
segments indicate the maximum deviations of the measured voltages, o' “ained
with cven just one realization. The maximum error for these result: oes
not exceed 262 (t = 9.6 msec) for the case of a computed signal value at
this time point of Ug = 1.8 wv,
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GEOPHYSICS, ASTRONOMY AND SPACE

unc 550.831.016

RESULTS OF EXTRAPOLATION OF GRAVITY ANOMALIES IN STRUCTURAL GRAVIMETRIC
EXPLORATION

Moscow PRIKLADNAYA GEOFIZIKA in Russian No 89, 1977 pp 87-96
(Article by Yu. V. Antonov])

[Text] The' use of extrapolation in ore gravimetric exploration [5] 1s not
aceidental, Here the sources of gravitational anomalies most frequently
occupy relatively small volumes and therefore the anomalies are character=-
ized by a more distinct localization than in structural gravimetry. On the
basis of the distribution (in the vertical plane x0z) of gravitational
anomalies obtained by means of extrapolation, there can be effective sep-
aration of complex anomalies into local anomalies and it is poasible to
determine excess masses, densities and other parameters of anomalous bod-
1es, whose determination by usual methods is not always stable and suf=-
ficiently precise.

In structural gravimetry the situation is more complex. The sources of the
anomalies most frequently are different complexes of sedimentary rocks hav-
ing different densities. Local anomalies are created either due to a change
in the thickness of the strata of sedimentary rocks or by their spatial
position (density within the strata is assumed to be homogeneous). In a
mathematical sense in both cases the gravity anomalies are completely de-
termined by the geometiy of tue discontinuities between strata of sedimen-
tary rocks of different density. In this connection the final objective of
the inverse problem in structural gravimetry is finding the form of the

\ contact surfaces. In the case of a single contact surface this problem is
solved with an accuracy which is more or less satisfactory for practical
purposes [6, 7]. But the problem is greatly complicated if there are two
or more contact surfaces,

Due to the peculiarities of structural gravimetry it is impossible to use
the spatial distribution of gravity anomalies (especially in the presence
of several discontinuities) in the same way as in ore gravimetric explora-
tion. Accordingly, it is necessary to develop a method for the use of ex-
trapnlation in solving the formulated problem.
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One of the methods for rolving the inverse problem for a contact surface

in the presence of several discontinuities was deseribed in {2]. The es=
sence of the solution essentially involves diserimination of the transform=
ed function Gp from the observed field; this function is related to the
ralief of the upper contact surface, '

'fhis method for constructing a contact surface was tested for determining
the top of the Bukharskiye deposits in the Afghan-Tadzhik depression,

which was filled with sedimentary deposits of Mesorzoic-Cenozoic age, folded
into complexly structured anticlinal folds of submeridional strike. The
thickness of the sedimentary cover varies in a wide range, in the central
part of the depression attaining 10 km or more. In the sedimentary stratum
there are several discontinuities. The clearest density discontinuities are:
1) the boundary between the folded consolidated basement and the sedimentary
cover; 2) the boundary associated with the top of the calecareous Jurassic,
above which there are strata of salt-bearing-anhydrite deposits and contin=-
ental deposits of the Lower Cretaceous; 3) the boundary of dolomitic-cal-
careous deposits of the Upper Cretaceous and the bottom of the Paleogene
(including che Alayskiye and Bukharskiye layers) with the upper part of the
clayey strata of the Paleogene and terrigenous formations of Neogene age;

4) the boundary of unconsolidated deposits and bedrock.

Quaternary deposits in disconformity cover the rocks of almost all age for-
mations; therefore, at this density discontinuity the excess density varies
in wide limits. The density of the Quaternary deposits was determined for
the most part on the basis of gravimetric data [5] and was about 1.8-2.0 g/
cmd, Individual determinations of the density of Quaternary deposits from
borehole cores gave approximately the same results. The excess density at
this discontinuity, depending on the age of the deposits covered by the
Quaternary deposits, can vary in a wide range -- from 0.2 to 0.8 g/cm3. The
mean welgh:ed density of the Neogene and Upper Paleogene deposits is about
2.3 g/em?; the Quaternary formationx, with the exception of the arched
parts of anticlinal structures, cover precisely these deposits, and there-
fore, on the average, the excess density is about 0.4 g/cm3.

The most studied boundary is that which is associated with the top of lime-
stones in the Bukharskiy stage of the Paleogene. There have been numerous
determinations of density from the outcrops of Bukharskiye limestones in
anticlinal structures at the surface and from the cores of a great number
of boreholes. The mean weighted density of the Lower Paleogene and the
Upper Cretaceous is 2,55 g/em3. Accordingly, the excess density can be
assumed equal to 0.25 g/cm3.

The calcareous deposits of the Upper Cretaceous undergo transition into
Lower Cretaceous terrigenous formations and the density gradually smoothly
Jdecreases (to 2.45 g/cm3); therefore, it is impossible to discriminate a
significant graviactive discontinuity. On the other hand, at the boundary
of the Lower Cretaccous deposits and the calcareous rocks of the Jurassic
the density increases in a jump; its excess value here is not less than
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0.15 g/cm3. The excess denslty cah also be considerably greater in the pres=
ence of a salt~anhydrite stratum associated with the bottom of the Lower
Cretaceous. The Jurassic limestones are accessible by drilling only in indi-
vidual places and therefore the completeness of information on the effective
density at this discontinuity to a considerable degree is inferior to the
volume of intormation from the upper part of the geological section to the
Bukharskiye limestones inclusive,

The folded consolidated basement is at a depth of more than 6 km. Informa=-
tion on the density difference at the boundary with the sedimentary cover
is available only along the peripheral parts of the Afghan-Tadzhik depres=
Bionu

Jurassic and Bukharskiye calcareous deposits are promising deposits for pet-
roleum and gas. Petroleum and gas deposits have already been explored and
operated in these deposits. Since the Bukharskiye rocks almost everywhere
can be reached by drilling, a determination of the depth of the top of the
Bukharskiye limestones 18 of practical interest.

The described region is tectonically active. The Bukharskiye limestones are
bent into complex anticlinal folds which in many cases have a length of
several tens of kilometers. The tops of the structures usually have steep
dips (up to 60° or more), Within the limits of the folds in many cases
there are dislocations (primarily in the form of thrusts and faults), some=
times attaining more than 1 km in amplitude. The synclinal downwarps are
filled with Quaternary and Neogene deposits. The thicknesses of the Neogene
and Quaternary deposits are approximately comparable. The excess density

of the entire complex of deposits in the synclines relative to the Bukh-
arskiye limestones will be about 0,30-0,35 g/cm3,

After a brief geological description we will discuss the method for deter-
mining the form of the contact surface for the Bukharskiye limestones for
the most studied sector of the Afghan-Tadgzhik depression,

Figure 1 shows a schematic geological section through two anticlinal struc-
tures. The section shows only the boundary of the top of the Bukharskiye
layers, constructed using drilling data and geophysical surveys. Both
structures have been well studied by drilling and a gas-petroleum deposit,
now in operation, 1s associated with one of them. In the synclinal zones
the top of the Bukharskiye layers was determined on the basis of the cor-
relation dependences of the transformed gravity anomalies with data from
drilling, seismic prospecting and electric prospecting [5].

The gravitational field has an extremely complex structure and is governed
by numerous factors. In particular, the field is characterized by sharp and
Intensive change in the regional background, caused by the deep peculiarit-
{es of the region, relating to the alpine zone. The anticlinal structures
in the gravitational field are manifested in the form of relatively posi-
tive local anomalies., These anomalies over the structures reflect the
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influence of all the density discontinuities. Accordingly, from the observ=
od flold Lt 48 necessary to discriminate that effect which is determined
only by the boundary of the Bukharskiy stage.

A0.g ObB

N\_ contact
)
\_N‘/ ~ [ / WF“ Efrace
i m

contact
surrace

Fig. 2. Exclusion of local gravity anomalies caused by Quaternary deposits
from observed gravity values.

We will begin with the exclusion of local gravity anomalies which are creat-
cd by the boundary of the unconsolidated deposits with the bedrock. In the
synclinal zones the Quaternary deposits lie virtually in conformity on the
Neogene deposits (reference is to structural, not stratigraphic conformity)
and almost horizontally. So that if the discontinuity between the Neogene
and Quaternary deposits in the synclines creates a gravitational anomaly,
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it 18 of an extremely low intensity. However, in the reglon of local struc=-
tures, where the bedrock outerops at the surface and has steep dips, the
Quaternary deposits exert an appreciable influence, However, if the bottom
of the unconsolidated deposite is known, its influence is taken into ac=
count by solution of the direct problem, In the specific case it 1is pos=
sible to carry out averaging of the observed field and since the anomaly
ereated by the bottom of the unconsolidated deposits i8 not commensurable
with respect to correlation radius with the anomaly from the main structure,
the averaging leasens the influence of the uncongolidated deposits, However,
here the problem of the choice of the optimum averaging radius will remain
open,

Unfortunately, it is not always possible to know the behavior of the bottom
of these unconsolidated deposits and there is not necessarily a significant
difference in the correlation radii from unconsolidated deposits and from
the lower=lying graviactive boundaries.

Assume that the form of the surface between the unconselidated deposits and
the bedrock, as well as the excess density at this boundary are unknown. We
know only the maximum depth at which it 1ies. Using the distribution of the
vertical component gs(A gobg) on the observation profile we compute the
horizontal component gy. After this we take the profile A=A (Fig. 2) in the
lower half-space situated at a depth of 400 m. This value is selected on
the basis of the fact that the Quaternary deposits are situated above the
profile but the Bukharskiye 1imestones are situated below it,

Then, using extrapolation [2], on the basis of the distribution of the 8x
component at the surface, we find the gx values on the A - A profile. Since
the sign of the gx component on it is not dependent on where the anomaly-
forming masses are situated (above or below the profile), the unconsolidat-
ed deposits can move from top to bottom, that is, their mirror reflecction
relative to A - A is possible (Pig. 2 shows the reflected masses by a dash-
ed line),

Then, on the basis of the gx distribution on the A - A profile we compute
the distribution of the component g, (2], It is easy to understand that

the g, values, due to the fact that the 8x sign is not dependent on the
position of the masses, on the A - A profile will be equal to the sum of
the attractions of the Bukharskiye limestones and the unconsolidated depos=-
{ts, although a difference would be obtained on_this profile in the case

of direct gravity measurements. The determined 8z values can also be de-
termined physically as the total attraction of the Bukharskiye limestones
and some fictitious masses, being a mirror reflection of unconsolidated
format{ons and situated below the A - A profile. Such a physical interpret-
ation makes further conclusions simpler. After this the 8, values are
scaled by means of analytical continuation upward to the observation sur-
face, Such continuation does not change the spatial position of the top

of the Bukharskiye limestone and the fictitious masses relative to the
observation profile.
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A8 a result, on the observation profile we obtain a eurve of the measurad
pravity values and some transformed function g, in which the influence of
the Quaternary deposits is replaced by the influence of the fictitioua
masses situated below the A = A profile. If we take the difference be=-
tween these curves, then, obviously, the influence from the top of the
Bukharskiye limestones and other underlying discontinuities will be ex=
cluded. The composite curve Gy [4) will contain only the difference effect
from Quaternary deposits situated below the observation surface and fie-
titious masses situated at a depth of 800 m and being a mirror reflection
of the Quaternary deposits,

Then we will solve the inverse problem for the G, funection, as was proposed
fn [4], We immediately note that due to the conditions of the problem we do
not know the excess density, which, in addition, can vary within the limits
of the structure, depending on what deposits are in contacl with the Quater=-
nary formations..In solution of the inverse problem we find the gravita-
tional effeet, which is related only to the upper boundary [4), that is,

to the unconsolidated deposits. This effect is related to the mean depth

of the upper boundary. Then, in order to find the effect of attraction on
the observation profile from the unconsolidated deposits, it is sufficient
to carry out analytical continuation from the mean depth to the surface,
Thus, there 18 no need to determine the position of the bottom of the un-
congsolidated deposits and then solve the direct problem for the purpose of
evaluating the effect of attraction. The Gz value is almost equal to the
attraction of the unconsolidated deposits, since the fictitious masses,
situated at a depth of 800 m, exert no appreciable influence. By subtract-
ing the function G from the observed gravitational field, we obtain an
anomaly which is governed by the top of the Bukharskiye limestones and the
underlying density boundaries. In the next stage it is necessary to get rid
of the influence of boundaries situated below the Bukharskiye deposits.

The proposed method for excluding the influence of the Quaternary deposits
was compared with direct computations, since the position of the bottom of
the unconsolidated formations for the cited structure (see Fig. 2) is ap-
proximately known. The influence of Quaternary deposits was excluded by
means of averaging. A comparison of the results of exclusion of the influ-
ence of the upper part of the section by means of computation of the func-
tion G,, averaging and direct computations indicated that the difference
between them does not exceed 15%. The most local anomaly from the uncon-
solidated deposits 18 not great in intensity (up to 1.5 mgal), so that such
a discrepancy in the subsequent interpretation is acceptable, taking into
account, at any rate, that the survey accuracy is +0.2 mgal, whereas the
intensity of the anomaly from the structure is about 10 mgal.

It should be noted that the time expenditures on computation of the Gz func-
tlon is not greater than in the case of ordinary transformations, since the
entire computation process is reduced to the use of one quadrature formula.
This formula 1s such that the regional background to the second degree in-
clusive 18 excluded automatically.
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An exclusion of the influence of the lower density discontinuities was
also accomplished by computing the G, function. It is known from geolog=
Leal data that the maximum depth of burial of the Bukharakiye limestones

1s approximately 4 km. The G, function was computed relative to a profile
situated at a depth of 4 km faee Fig, 1).

After computing the G, funetion, we obtained a solution of the inverse prob=
lem of the contact surface of the Bukharskiye limestones on the basis of the
Gz distribution. As is well known, the initial formula for G, has the fol-

lowing form [3]:
[.:]
] o hd= 2~ )3 .
(AAUEE S pL3) —-—é——’)-rm__ I di, (1)

-

Here p (3) = 2RforH(S )(hy = hy); h 1is depth to the profile A - A (equal
to 4 km), for which the function G, was computed; H(Z ) is the deviation
of the contact surface relative to the mean depth h; hy = h + A,

We will transform formula (1) to the following form: hy = h - A, where A 1s
half the distance between the mean depths hj, hy of the symmetric contact
discontinuities H(E)

-]
t , h .
0y (xy O)rs";‘" S'l (E)("__—‘é-;imds. R (2)
~

where

. o, hea(z—})8
[MHES R0} =5 +h1 *

Thus, solution of the problem for a double layer led to solution of the in-
verse problem for one layer. Accordingly, for solution of equation (2) it
is possible to use the quadratic formula from [l1]. The formula is simple,
requires a minimum of time expenditures on computations and gives satisfac-
tory results when there are not excessively great dips of the contact sur-
face, when there ar: no sharp twists, faults, etc. on it. The numerical in-
tegration interval was 0.5h. After finding the K'(&) distribution, for
any arbitrary point it can be assumed that x = 0 and $ = 0, since we have
a choice of the origin of coordinates'when p'(§) = p(£)/h. In this case
the deviations H(% ) must be taken relative to the mean depth hj, which 1is
‘ vqual to 3 km,

The mean weighted excess density of the multilayer section of Quaternary,
Neogene and Upper Paleogene deposits relative to limestones of the Bukhar-
skiy stage 1s difficult to find and therefore for a more precise determin-
ation of the deviations of the contact surface H(Z) from the mean depth
we will proceed ir the following way. We will determine the mean weighted
density in the region of the arch of an anticlinal fold, where the devia-
tion of the contact surface is known precisely on the basis of drilling
data. In our case the excess density was +0.34 g/cm3, which very satis-
factorily corresponds to real conditions. For determining H(%) it is pos-
sible to use the following ratio [1, 2]:
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H ()= Hewn Jﬁﬁﬂ
({1}
(3)
[CKB = bore(hole)] where H ore 18 the deviation of the contact surface from
the mean depth in the boreko{e; H($ ) is the deviation of the contact sur-
face at an arbitrary point; Kyoye and K (% 4) are the values of the double
layer, obtained after solution of equation (1).

The results of determination of the contact surface using formula (3) are
presented in Fig., 1 (marked by crosses). As a result, we see a satisfactory
agreement of the determined contact surface by the proposed method with
data from drilling and other geophysical methods, except those sectors where
there are tectonic dislocations, In the region of anticlinal structures,
for which drilling data were available, we computed the error in determin-
ing the contact surface, which did not exceed 15%. The determined accuracy
for practical purposes is acceptable for such a complex multilayer geolog-
ical section. For synclinal zones it 1s extremely difficult to evaluate

the accuracy of the constructions because the top of the Bukharskiy stage
is not known precisely. The error in constructing the contact surface by
the usual method leads not only to a considerable quantitative error (up

to 25%), but also to qualitative errors (for example, according to the ob-
served field the structure looks two-humped).

A solution of the integral equation (1) is possible in a somewhat different
way. Since the G, function describes the difference anomaly from two iden-
tical contact surfaces, one of which is situated considerably lower and

its contribution to the total fieid is less, then in the first approxima-
tion it can be assumed that the G, function is created only by the upper
contact surface, Then the inverse problem is solved extremely simply. After
solution the determined surface density values are placed at the depth of
the second contact surface, Having the distribution of surface density at
the level of the mean depths of the upper and lower contact surfaces, us-
ing analytical continuation from each mean depth to the observation surface
and the subsequent results of the continuation we compute the function G',,
If the function G'z does not coincide with the initial G,, we find the dif-
ference between them and we repeat the process of determining the contact
surface. As shown by computations with theoretical models, one approxima-
tion is usually adequate., It should be noted that the second approach for
solution of the equation is preferable, since testing with models confirms
this (see Fig. 1, denoted by dots).

Also employed was the method for determining a contact surface under the
condition that excess density is unknown. This method is similar to that
given in [3]. For this purpose, using the distribution of the G, function,
we computed the vertical derivative Gzz and found the ratio of these func-

tions
G, (v, )
s n)-_—m- (4)
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The ratlo R(x, 0) has the dimensionality of length,

Since the sense and purpose of the R(x, 0) value aru completely similar to
the same value from (3], the entire difference between them will be only
in the mathematical computations. We will write a final formula making it
possible to express the deviation of the contact surface from the mean depth
through the R(x,0) value -

2R

. h
HGE) = hp=—gp ()

But this procedure, although it gave satisfactory results in the theoret-
ical examples, in the specific case gives only qualitative results. The
curve R(x,0) itself correlates very well with the surface of the Bukharsk-
lye layers, but the amplitudes of the uplifts are less by a factor of al-
most 2, This 1s evidently assoclated with the systematic error in computing
the function R(x, 0).
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GEOPHYSICS, ASTRONOMY AND SPACE

uDc 550.837,05;6813
AUTOMATION OF COMPUTATIONS OF GRAVITATIONAL INFLUENCE OF LOCAL RELIEF
Moscow PRIKLADNAYA GEOFIZIKA in Russian No 89, 1977 pp 96-104
[Article by A. A. Chernov]

[Text] Virtually all stages in processing of the results of gravimetric
measurements have now been automated, both in the form of individual pro-
prams and in automated processing systems (complexes) [3, 6]. The programs,
complexes and systems differ with respect to the methods and algorithns

for solutlion of different problems and alsc with respect to organization

of the computations process. Different technologies for automating the
computation process ensure a different level of automation of computa-

tions and the use of different algorithms for solution of processing
problems determines the attainable computation accuracy and also the breadth
or the range of modifications and variants of the problem.

In virtually all such developments the automation of computations leads to
an increase in the accuracy of processing and a marked reduction in the ex-
penditures of manual labor. The only exception is the procedure for taking
into account the influence of the surrounding terrain, although this prob-
lem was solved as one of the first in the processing of gravimetric explor-
ation data. Widely known and successfully used in practical work are the
programs prepared using the algorithms formulated by O. K. Litvinenko, V.
V. Lomtadze, L. A. Koval' and many others [4, 6). Despite the great number
of different programs, making it possible to carry out computations of cor-
rections for the points of intersection in a regular grid and directly for
gravimetric points, the degree of automation of solution of this problem
still remains obviously unsatisfactory.

The real accuracy in computing corrections for relief is too low and the
expenditures on manual work are so great that the profitability of use of
electronic computers in this case is frequently in doubt. All the methods
and programs which have been developed and used in practical work assume
the stipulation of digital te ‘rain models (DTM), which requires signif-
icant expenditures of manual work. On this to a definite degree is also
dependent the relatively low accuracy in computations, since the eleva-
tions of the gravimetric stations and the elevations of the digital
terrain models are determined by different methods and in a general case
do not correspond to one another.
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Under conditions of sharply dissected mountain relief the influence of the
near (central) zone is taken into account, as a rule, manually, since com-
putations on an electronic computer require the stipulation of DTM with a
small interval (50, 100 m); this leads to an increase in the expenditures
on manual work and inevitably reduces the accuracy in the representation
of relief. In addition, there are not always maps of the required scale.
The methods employed in aerial photogrammetry and also correction meters
do not solve the problem: when the terrain is forested, when there are no
aerial photographs and with the limitations on the effective zone of the
correction meters there is a narrowing of the range of their applicabil-
ity.

The modern method for computing the influence of relief using electronic com=-
puters involves a definite paradox: the elevations, representing relief,

are taken from the maps (with relatively great errors), whereas the ele-
vations of the gravimetric stations, determined with considerably higher
accuracies, are not used in creating a digital terrain model. The taking

of the DTM from topographic maps using an overlay generates not only ran-
dom errors in interpolation and copying, but also involves an error in draw-
ing the isohypses.

The use of the elevations of gravimetric stations, determined with a high
accuracy, promises not only a reduction in the expenditures of manual
labor on the preparation of data, but also an increase in the accuracy of
computations, in the process of creating digital terrain modeis. Since

the gravimetric stations are usually situated in a relatively narrow hyp-
sometric interval of mean elevations, for the representation of relief

it 1s also necessary to employ extremal elevations, that is, the character-
istic relief points, which are trigonometric stations, peaks, elevations
of river channels, etc. It is obvious that the number of characteristic
points in the relief, taken additionally from the topographic maps, should
vary considerably in dependence on the complexity of relief, the peculiar-
itles of the survey network, etc.

The computation of the influence of relief in the central zone in this case

is accomplished by means of analytical integration. The influence of relief
is determined in the following way:

[p = relief ) hr, y)dedyds 1
' ] o /U-,S S,Sw Y02 (o)) (

where f 18 the gravitational constant, O 1is the density of surface rocks.
After integration for h and expansion of the integrand using a binomial for-

mula, taking into account the first two terms of the expansion, the expres-
sion for the correction assumes the following form [1]:
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whare A, B are the integration limits (that is, zones in which relief is
taken into account), Hp is the elevation of the computation point; Hy

ls the elevation of the "current" relief point., A series of approxima%e
methods for computing the corrections for relief [4] is based on use of
expression (2),

With the stipulation of H(x, y) by some function, such as a power-law poly-
nomial, the integral (2) is easily obtained analytically. The procedure
which we described was realized for polynomials of second and third de-
prees and therefore the value of the correction is expressed through the
coeffLelents for a polynomial approximating relief and the coordinates

of gravimetric stations relative to the center of coordinates. The program
for applying the method is written in ALGOL-60 language applicable to the
TA-2m translator; 1t is based on the method and program for polynomial in-
terpolation developed earlier by the author in collaboration with P, A.
Besprozvannyy [2). In this method use is made of the approximation of

an interpolated surface (field) in a "moving window" of variable size by

a4 power-law polynomial of an automatically changeable degree. The approx-
imation is made by the least squares method with weighting of the nonclo~
sures for the distances of the points of stipulation of the initial function
from the interpolation point, coinciding with the center of the "window"
(Stid) ’

N
d"—zgl G?Pi =3 1nin, (3)

- where 81 = z4 - uf 1s the deviation of the approximating function z from
the value of the initial function u; N is the number of points in the grid.
The weight of the nonclosure pj is selected in accordance with the recom-
mendations of M. La Porte [6] in such a way that at the center of the win-
dow it 13 equal to unity and at the edge is equal to zero:
! a Ny
r,-—(l-—%%;) .
The degree of the approximating polynomial is selected automatically in de~
pendence on the number of points entering into the grid and in such a way
that the number of coefficients n with the selected degree of the poly-~
nomial M, equal ton = [(M + 1)(M + 2)]/2, 18 the closest from below to
the number N of points in the grid. The described approach to solution of
the problem ensures an insignificant smoothing with the use of not exces-
sively high degrees of the approximating polynomials [2-6). The smoothness
of the interpolated field (surface) is achieved by a considerable overlapp-~
ing of adjacent grids in combination with the smoothness of the polynomial
and a bell-like form of the weighting function. Stability of the solution
- is ensured by procedures improving the conditionality of the system of nor=-
mal equations relative to the coefficients of the approximating polynomial;
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Graphs of differences in corrections for relief computed using digital ter-
rain models obtained by means of automatic interpolation relative to correc-
tions obtained with manual processing of digital terrain models. Interpola-
tion with use of: 1) 2,900 characteristic relief points; 2) 2,300 points;

1) 1,450 points

the flrst step is the procedure of rejecting of the equations corresponding
to coefficlents not supported by the arrangement of initial points.

The described interpolation algorithm can be uscd for obtaining digital ter-

rain models on the basis of arbitrarily situated gravimetric stations and
characteristic relief points. The simplified computations which we made
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earlier indicated that this method ensures reliable reproduction of the
DTM when the ratio of the initial and the resultant points ia 14 ([7].
Since the elavations and the coordinates of the gravimetrie points must

be coded regardless of the method for computing the influence of relief,
and also for subsequent processing on an electronic computer, the propos=-
ed method will be ecoromically justified with a ratio of the number of in-
itial characteristic points in the relief to the number of DTM points of
1:3 or lower.

The semliautomatic coder produced at tha present time by the "Kazgeofizpri-
bor" plant on a practical basis makes it possible to prepare the coordin-
ates of the points plotted on topographic maps directly on a machine car-
rier with negligible work expenditures. Thus, the use of a coder for the
coding (and readout) of the characteristic relief points considerably
simplifies the introduction of the proposed method and makes it profitable
oven with higher values of the indicated ratio.

A determination of the minimum necessary number of characteristic relief
points is evidently a key problem in the proposed method. It is also evi-
dent that the interpolation of relief is a problem which is incomparably
more complex than the interpolation of potential fields because relief is
not a smooth function. But in this case as well there is no need to obtain
a relief model identical to the real relief; it is only necessary to main-
tain an equality of the volume integrals from the real relief and the cre-
ated models. The latter circumstance is very important because the precise
recreation of relief with scarps and high-rising crags is impossible when
using interpolation procedures,

In order to test the proposed method and determine the influence of the num-
ber of characteristic relief points on the results of the computations we
carried out experimental computations with the use of practical materials
for the mountainous regions of Armenia and Georgia. We used a sector meas-
uring 35 x 45 km, characterized by a variation of elevations from 800 to
3,200 m. In this sector a DTM with an interval of 0.5 km was prepared man-
ually. From topographic maps we read 2,900 characteristic rellef points,
taking into account the arrangement of gravimetric points; the latter were
located in the selected sector for the most part in the central area,
whereas the "edge" with a width of 10 km was virtually not supplied with
them and this greatly increased the to%al number of points used.

The elevations and coordinates of the characteristic relief points and
pravimetric stations constituted the initial data for the described in-
terpolation program, by means of which it was possible to compute a DT
(corresponding to the manual model) consisting of 6,500 points of a regular
prid. The initial ratio of the number of additional and resultant points
vas approximately 3:7, but with a maximum thinning of the additional

points =~ less than 1:4. The initial number of additional characteristic
points was successively thinned by 25, 33 and 50%; each time interpola-
tionwis then carried out and corrections were computed. In computing the
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corrections in all cases use was made of a program worked out in the Gaol=
ogy Faculty Moscow State University [5)., The corrections were computed in
the zone from 1 to 10 km.

Table 1
Nt P ’ ¢ 4 OTHAONS:
Tt I.?G‘.’é.?:ﬁ‘:&?ﬂl ovRnaHare };‘."‘J‘&‘..z f . g biraa 3
2320 04384 ~0,0287
1030 04410 =0,0205
1450 04600 =0,0102
KEY:
1. Number of characteristic relief points taken into account in inter—
polation
2, Standard deviation A g1, mgal
3. Mean deviation Agyra)» mgal
Table 2
Jnasenze Agy, no-
Teopernwee 13 y
Qymtatn 1 COP TN R‘;; nay ayventoe mﬁtpo- 3
4 Uanunconp
23443 M ~102.5)2 .
T, L L 03134 0285
. | [
KRonye In-gVagy 0,1650 0.2257
T'nnepGoansecrue napaGosonau
yi—x?
H =0 0.1368 0,133
Y2t
=== 21900 24850
7 Jdaanurngeckine napaGo:ionau
1l_yl
"= - 0.3480 0.3478
e L
=740 02178 02173
8 Hpumevwanua. Hperesu unTerpuposaANR 045 N,
KEY:
1. Function 6. Hyperbolic paraboloids
2. Theoretical value Agre] 7. Elliptical paraboloids
3. Asrel value obtained under program 8. Note. Integration limits
4, Ellipsoid 0-45 m
5. Cone
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Table 3
- [ IR Ay Mty Honpavuit Ay, M,
i thflft:.mnmm 1 Panmets bu‘lllenn‘llnl-t:“ ' 1 Pasnouth
By s 0] |||:?J|m Ma s\gp.'nm.'\ nYUIYN o Hporpans ;'}’;‘P:‘::g
l‘ Me %
012 o5 | 003 0.0 20
0.1 ow 1 oot "ot o 07
085 0,68 001 0.60 0,63 0,03
0,32 027 0.05 0.03 0,86 0,07
u.8Y 0,68 0.0t 0.60 0.72 0,06
0,60 0,68 0,08 044 V0,44 0,00
0.33 0,23 000 033 033 0,00
0.05 0,10 0,05 0,26 0,34 0.08
- 0.00 0.03 0,03 0.42 0,49 007

1. Corrections A gpq1, mgal, computed

2, manually

3. under program

4, Difference in corrections Ag..,» mgal

The results are given in Table 1 and are partially represented in the fig-
ure. The values of the mean discrepancies in the corrections, computed
using manual and interpolated DTM, show that these discrepancies are ran-
dom. The relatively high value of the maximum deviation 0.3 mgal does not
seem excessive because such results are obtained in computations on the
basis of an independently prepared manual DTM, The standard deviations
(Table 1) also do not exceed the errors in computing corrections in the
middle zone by traditional methods (under conditions of shaxply dissected
mountainous relief),

For the proper evaluation of the effectiveness of the proposed method it

{s necessary to take into account that for testing use was made of a sec-
tor of insignificant area in which the "useful" part, occupied by process-
able gravimetric stations, was 20%; the remainder was the necessary "edge,"
ensuring allowance for the influence of relief with the required radius.

In practical computations this "edge" occupies no more than several per-
cent of the DTM.

The program for computing the influence of relief in the central zone was
tested using models and a practical example. The computations made using
hyperbolic and parabolic paraboloids, an ellipse and cone as models, made
it possible to evaluate accuracy and demonstrate the applicability of the
developed model (Table 2). The discrepancies in the theoretical value of
the corrections and those computed using the described program were: for
ellipsoids =- about 0,03 mgal, cones (the most unfavorable fcc approximat-
ing bodies by paraboloids) -- 0.06 mgal, parabolic and hyperbolic parabol-
oids -~ virtually equal to zero.

Practical testing was carried out in a sector of real relief (map scale

1:10,000). The results of computations, made for 18 points, are given in
Table 3. It can be seen that the corrections, computed using the program
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and manunlly employlug o Lukavehenko grid, do not exceed 0.1 mgal, averag-
Ing 0,04 mgal, or 112 of the mean value of the corrections.

Thus, we have proposed a method for computing the influence of relief based
on use of the elevations of gravimetric stations and characteristic relief
points and employing a polynomial approximation method [?7)., For computing
the corrections in the central zone a program was prepared for direct com=
putation of these corrections by the analytical integration method. The
program was tested using model and practical examples.

For computing the influence of relief in the middle and distant zones it has
been proposed that use be made of a program for areal interpolation for
creating a DTM, using which the corrections are computed by traditional
methods. Using practical material it was demonstrated that the proposed

- method can be used and 18 profitable.
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GEOPHYSICS, ASTRONOMY AND SPACH

UDC 550.831.23,084
RESULTS OF SEA TESTS OF GMN=K AUTOMATED GRAVIMETERS
Moscow PRIKLADNAYA GEOFIZIKA in Russian No 89, 1977 pp 104~110
[Article by V., O, Bagéamyants]

[Text] Modern surface sea gravimeters, intended for investigations of shelf
reglons and coastal zones, are for replacement of bottom gravimeters with a
low productivity., For this purpose the accuracy in measurements with surface
gravimeters must be £0,5 + 1.0 mgal with disturbing accelerations up to 50-
100 gal.

The GMKP sea quartz spring gravimeter, developed at the All-Union Scientific
Research Institute of Geophysics, during tests revealed good possibilities
for its use for geological prospecting purposes. On short runs on a vessel
with a displacement of 100 tons the attained measurement accuracy was about
10.8-1.0 mgal [2).

As a result of improvement of the GMPK gravimeter it was possible to pro-
duce an automated sea surface quartz gravimeter (GMN-K), supplied, the same
as the GMKP, with a gyropendulum stabilizer [4].

Sea tests of different types of sea gravimeters, including the GMN-K, made
it possible to evaluate the accuracy characteristics of the gravimeters and
to compare them with one another.

The tests were carried out aboard the hydrographic ship "Dmitriy Laptev"
with a displacement of 1,600 tons, outfitted with modern navigational equip-
ment. In the course of the tests the ship's coordinates were determined
using a "High Fix" radiogeodetic system, ensuring determination of the
LGtvds corrections with an error not greater than 40.5-0.8 mgal.

The processing of all the collected data was accomplished using "Mingk-22"
¢lectronic computers with use of the "Kompost" program [3]. This article

gives the principal results of the tests.
The surface gravimetric apparatus outfit used in the tests consisted of

three GMKP spring quartz gravimeters No 4 and two automated instruments
GMN-K No 1 and GMN-K No 5. The GMN-K and GMKP gravimeters have a similar
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design, The difference is that the GMN~-K elastie system has an additional
narrow-range measuring compensation system ensuring eperation of the in=-
strument in an automatic regime without restructuring in the range of grav=
ity changes 800-1000 mgal,

In order to eliminate autooscillations for improving the dynamic character-
istics the CMN=K instrument also contains a special device for introducing
into the closed regulation System a correcting signal which is proportional
to the time derivative of the mismatch signal. More detailed information
on the design of the gravimeters is given in [1, 2], The GMN-K gravimeter,
the same as the GMKP, is ecalibrated quite relfably by the tilt methed.

The analog reglstry of the readings of all three instruments was accomplish=
ed using one 12-point automatie recorder of the KSP=4 type. In addition to
the electric signals corresponding to the position of the pendulums and
turns of the compensation microscrews, for monitoring the operation of the
thermostats there was also registry of the temperatures within the gravi=-
meters,

The gravimeters were placed in a room (cabin) on the lower deck at a dis=
tance of 10 m from the ship's metacenter. In order to reduce the errors in
the gyrostabilizers due to the ship's tilts the instruments (GMN=K) were
suspended on supports in auxiliary Cardan suspensions. The pendulum of the
GMN-K gravimeter elastic system (GMN-K No 1) was oriented along the longi-
tudinal axis of the ship, and for excluding the cross-coupling effect the
pendulums of the gravimeters GMKP No 4 and GMN-K No 5 vere directed in the
opposite direction,

Gravity determinations at bottom stations were made using two standard

GDK gravimeters. The working method and accordingly the test program were
organized in such a way that, first, to determine the influence of disturb-
ing factors on operation of the GMN-K gravimeters and in comparison with
synchronously executed bottom gravimetric observations, evaluate the ac-
curacy of the surface measurements; second, to carry out an areal survey

fn an ocean area, using a system of bottom stations as a reference network.

Observations with surface gravimeters were made continuously during the en-
tire run, lasting about 40 days, both while the ship was on course and

when at anchor. Course observations were made at a speed of 13-13.5 knots
with continuous operation of the automatic rudder. Using data from the
radionavigation system (accuracy in determining coordinates +80-100 m)

cach six minutes the position of the ship on the profile was determined

and In the event of its drift the course was corrected. In order to reduce
the error in operation of the gyrostabilizers caused by rotational move-
ments of the ship, the changes in course were no more frequent than once
per minute and constituted not more than 1°.

Surface measurements were made with sea waves up to class 3-4 (less fre-
fquently up to 5); the amplitude of vertical accelerations on the average
did not exceed 40-50 gal. On some profiles with a deterioration of
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meteorologieal conditions the vertiecal accelerations attained 100 gal or
mote, but the horizental acecelerations did not exceed 40-50 gal,

=3

Fig. 1. Dlagram of location of surface and bottom stations in ocean area.
1) principal control pointy 2) bottom control point on profile; 3) bottom
regular point; 4) surface control profile; 5) surface regular profile; 6)

shoreline
Table 1
Cpenner paspatnye-
lowep rpasunerpa | Dpenn maaonenna |  nysechmwra, [ TanOEEONE AR
uray/est NTan
1 . 2 k]
5 PMH-R M 2.Vi1—~-28.Vi1 148 =2,
28. vn—u.vm 1,01 =20
TMI-K M 5 2.Vi1—-20.v 0,38 *19
6 PMKIT e 4 2.VH—M.VIII 0,56 =23
KEY:

i. Number of gravimeter
- 2, Observ«tion time
3. Null-point displacement, mgal/day
4, Mean square error in individual observations, mgal
5. GMN-K
6. GMKP

At the anchor stations the measurements were made simultaneously with the
GMN-K and the GDK; such surface observations were successful in all cases
except for those when the rate of the ship's oscillations was more than
3=5 degrees/minute.

Gravimetric observations in the survey area were made in the following way.
The entire area was broken down into approximately rectangular sectors with
sidey not longer than 100 km, Ordinary (regular) underwater observation pro-
files, spaced 8-10 km apart, rested on surface control profiles (CP), where=-
a8 the latter rested on bottom control gravimetric points (BCGP). In addi-
tion, along the CP a system of additional bottom points (BGP) was inserted,

44

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100030064-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100030064-7

FOR OFFLCTAL USE ONLY

reating on the BCGP, which were used in evaluating the accuracy of opera=
tion of the sea gravimetera, The surface and bottom observations were tied
in to a single main control point (MCP), situated in the bay, protected
aga‘nst sea waves (Fig. 1).

In the course of the sea tests a network of bottom points (stations) was
established. It consisted of 8 BCGP and 28 BGP, 14 CP (some of which were

" processed more than once) and a regular network of 22 profiles with a
total length of about 3,000 km, The area of the gravimetric survey was
about 30,000 km2,

The stability of instrument operation was evaluated using the results of
repeated measurements at the MCP. These observations were made not less
frequently than each 7-10 days; the duration of each stop was 1=1.5 days.
The values of the null-point shifts and the standard deviations of indi-
vidual observations with each instrument relative to the straight line
approximating the linear. component of null-point shift, computed on the
basis of these data, ave presented in Table 1.

The accuracy of sea observations while the vessel was on course was eval-
uated both on the basis of the internal convergence of the instruments

- and on the basis of external convergence, on the basis of the coincidence
of measurements on repeated runs, at the points of intersection of the sur-
vey and control runs, and finally, on the basis of a comparison with the

1 bottom values of gravity, registered using the GDK.

Evaluations of measurement accuracy with respect to internal convergence
between instruments on each run were made using the formula

= .
1 Oipto _4+°:-.

Oy I/ — 04
R L

where O3 g, 9.4, Y5, are the dispersions of the differences between
the paired readings of two gravimeters (the subscript gives the numerical
designations of the gravimeters).

These vaiues are computed on an electronic computer in the course of data
processing. For control profiles the m; value averaged +0.6 mgal, for or-
dinary profiles =~ $0.8 mgal.

The accuracy of measurements with respect to external convergence was eval-
uvated using the formula

_ /.EA‘g
. myee = |/ S

where A1 is the difference in the observed Ag values, mgal; n is the num-
. ber of compared points.

In a comparison of the results of measurements on repeated runs (n = 34)
the m2 value was found to equal £0.9 mgal, and in a comparison at the
points of intersection of survey and control runs it was i1 mgal. The re-
sults of comparison with bottom measurements are of the greatest interest
(Tabl. 2). 45
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According to data cited in Table 2, it was found that my = #1.2 mgal
with n = 22,

Table 2 showa that the accuracy of observations A on profile 939 was ap-
preciably lower than on the remaining profile, which can be attributed to
the presence of tarked changes in the directions of the ship along the
profile; these were carried out for the purpose of the most precise pas-
sage over praeviously placed bottom stations, In those cases when the
bottom points were established after carrying out surface measurements
along linear profiles, the comparison indicated a substantial increase in
accuracy. Por example, on profile 965, worked in such a way (Fig. 2), the
error in surface measurements mp is evaluated at +0,65 mgal, without tak-
ing into account the error in bottom measurements, and +0.5 mgal when they

are taken into account,

. Table 2
arn SR ! 3288ungn Al
\ A Homep faaca (npodn.mh Hagn" faon c
D AU 481 -0y
418 —07
A2 430 00
.o ug3 . —19
AIN-4 939 17
093 '*_‘2.2
A8 939 =20 "
093 - 12
Arn7 993 402
439 16
i, 2
Irn-1 987 Tou
Arn- 907 4038
ACMLB 807 103
g O 207 R i
ATTI24 965 —o9 ’
1r-27 065 _ i
JITII-28 965 ¥y ]
JLI1-20 965 iy |
JLI23 05 ig'f i
nrn-2 965 07
Aep==—0.2 yraa F l

KEY:
A) BGP
B) Number of run (profile)
C) A= Aggrt = Sgpor» meal
D) BGP
E) MCP
F) Amean = -0,2 mgal
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The results of observations at anchor stations, which were made simultan-
eously with bottom measurements, are of definite interest. ‘lable 3 gives
comparisons of such ohservations made along the profile "CP-7," The very
same point, BCGP-7, merves as a control point for both surface and bottom

observations. i ua A) mgal

E:—E]' -2

12 5=+ T T m) 50 .'c,uum B) niles
Fig., 2. Comparison of surface and bottom observations on profile. 1) sur-
face determinations with GMN~K; 2) bottom determinations. A) mgal; B) miles

NI YR M, ™M T Table 3
n.-‘n-'u.wn:ml !:'2‘\:::111 2 Oﬂuﬁf;l:'r:‘_lr."u;o TayGum, x -"“A!’mm"A Sgons MR 5
ARV 1H—-3v |7 nori-7 49 00
14—00 J nrn-10 37 —03
18—00 IITI-8 37 - +08
18—~00 rmn-9 32 --04
15.v11 02—00 Irmn-13 74 Lo =12
03—15 I'-12 7% . —0.4
04—50 ri-14 61 . ~+0.5
0850 orn-7 49 00
KEY: Acp= —04 mrax 6
1) Date of observations 5) A= Ag, rs - Ag or® 18al
2) Time, hours-minutes 6) A oan ™ =0.1 mgag
3) Designation of station 7) BCGP
4) Depth, m 8) BGP
Table 4
ueno Torpeutiioctd navepenutt, siran
= M 5 p MCO LYIUKTOR - - ol
0MaD rpannMeT ﬂl CpaBHeNnR 2 c!lc‘l’elliﬂl"”"‘n"l‘ cpe;u'::z:::'('lm‘l'll's
6 PMH-K M 30 —-1.2 *2.4
I'MIL-R M I 22 -+0.5 +2,7
7 MK M4 30 =20 +3,5
KEY:
1) Number of gravimeter 5) Mean square
2) Number of comparison points 6) GMN-K
3) Measurement error, mgal 7) GMKP

4) Systematic

Taking into account the error (£0.4 mgal) in the values of bottom determin-
ations, reduced to sea level, the conclusion can be drawn that there is an
approximate equal accuracy of both measurements., However, it must be noted
that these observations were made when waves at sea were not more than
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class 2-3, and the disturbing accelerations did not exceed 20-30 gal,

The estimates clited above were made for quite short runs with an average
duration of 5-6 hours. The tie~in of regular surface profiles with sea
control points (profiles) makes possible a partial compensation of the
possible systematic errors caused by the influence of disturbing acceler-
ations and ship tilts, especially the cross-coupling effect. In this con-
nection it is of considerable interest to compare the sea observations (on
course) in a long run with bottom observations.

Using the control observations, after taking into account the corrections

for null=-point shift, in accordance with the data in Table 1, for each of

the surface gravimeters (on course), we computed the A g values over bot-

tom points and carried out thelr comparison, the results of which are giv-
en in Table 4.

The GMN-K instruments were more precise than the GMKP instruments. However,
the averaging of the readings for the GMN-K gravimeters for the purpose of
lessening the influence of the cross-coupling effect, and also the random
cerrors, did not lead to a significant increase in measurement accuracy. The
mean square error for the three instruments was 42,3 mgal (systematic com-
ponent -- 1 mgal) and proved to be only a little different than the error
in measurements with the GMN-K No 1 (42.4 mgal). This is attributable,
first of all, to the insignificant CC influence (in comparison with the
total error) and second, to the presence of significant systematic errors,
the influence of which is not excluded with averaging.

If it is assumed that the errors 31, caused by the instability of each
gravimeter, were determined (see Table 1) using the results of repeated
MCP observations, it is possible, excluding them from the total error €,
to estimate the magnitude of the errors &3 caused by the influence of
disturbing accelerations and the ship's tilt, and also the E8tvds effect.
For the GMN-K No 1, GMN-K No 5 and GMN-K gravimeters the 52 values were
+1.2, +1.9 and +2.7 mgal respectively.

The following conclusions can be drawn from everything said above.

Our tests indicated that the GMN-K gravimeters on runs with a duration
greater than 30 days with disturbing accelerations of about 50 gal ensure
measurement of gravity with an error not greater than *2.5 mgal. Accord-
ingly, without a special network of bottom control points it is possible
to carry out a survey with isoanomalic lines drawn each 5-10 mgal.

On short profiles, with a length of about 100 km, resting on sea bottom con-
trol points, the GMN-K instrument can ensure measurements of gravity incre=-
ments with an error #0.5-0.6 mgal. Thus, the joint carrying out of surface
and bottom observations makes it possible to carry out an areal survey and
compile maps at a scale 1:200,000 with isoanomalic lines drawn each 2 mgal.
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For a further increase in the accuracy of sea surface measurements it is
necessary to increase the accuracy and stability of operation of the grav-
{meters and the gyrostabilizers and also the accuracy in determining the
corrections for the influence of accelerations arising during the movement
of the vessel (E8tvda effect, cross-coupling effect, etc.).

BIBLIOGRAPHY

1. Bagramyants, V. 0., "The GMN Automated Sea Spring Gravimeter," PRIKLAD-
NAYA GEOFIZIKA (Applied Geophysics), No 79, Moscow, "Nedra," pp 159-170,
1975, .

2. Bagramyants, V. 0., Kozhanov, K. N., Raynot, A. P., "The GMKP Sea Grav-
imeter," PRIKLADNAYA GEOFIZIKA, No 67, Moscow, "Nedra," pp 146-152,
1972,

3. Boyarskiy, E. A., "Complex Processing of Sea Profile Determinations of
Gravity Using a 'Minsk-22' Electronic Computer," MORSKOY AVTOMATIZIRO-
VANNYY GRAVIMETR I YEGO RABOTA (Sea Automated Gravimeter and its Oper-
ation), Moscow, Izd. VINITI, pp 24-29, 1973,

4, Kutepov, V. S., "Stabilizer of a Sea Gravimeter Constructed on the
Gyropendulum Principle," IZV. AN SSSR, SER. FIZIKA ZEMLI (News of the
USSR Academy of Sciences, Physics of the Earth), No 1, pp 107-113, 1971.

COPYRIGHT: Izdatel'stvo "Nedra," 1978

5303
CSO: 8144/0854C

49
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100030064-7



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100030064-7

FOR OFFICIAL USE ONLY

GEOPHYS1CS, ASTRONOMY AND SPACE

unc 550.831

METHOD FOR DETERMINING THE SECOND DERIVATIVES OF GRAVITATIONAL POTENTIAL
ON A MOVING BASE

Moscow PRLKLADNAYA GEOFLZIKA in Russian No 89, 1977 pp 1il-115
[Article by G, 0. Krylov and I. I. Naumenko-Bondarenko]

[Text] At the present time both in the USSR (1-3, 5-7] and abroad [8, 9]
studles are being made of the possibility of obtaining the second deriva-
tives of gravitational potentfal on a moving base. This will make it pos-
sible to increase the productivity of variometer measurcments. tn addi-
tion, information on the second derivatives of gravitational potential

Is necessary in solving problems related to the theory of figure of the
carth, in exploratory geophysics and § navigation.

When making measurements on a moving base to determine the second deriva-
tives of gravitationai potential, the same as in the registry of the first
derivatives, the need arises for discriminating the useful signal against
the noise background. In discriminating the first derivative against the
background of inertial accelerations, the basis used is the frequency meth-
od for the separation of the signal from the noise. The strength of the
useful gravitational signal is tens of thousands of times less than the

4 noisc and therefore the discrimination of the signai against the noise
barkground presents considerable difficulties.

The situation is different when measuring the second derivatives in move~
nment. The sensor of second derivatives, like any other gravitational sen-
sor, will be subject to the influence of inertial forces. However, for
such a sensotr the noise will be created for the most part by angular ac-
celerations and to a lesser degree by the angular velocities of the base.
With careful fabricatlon and balancing of the sensing element it should
not react to linear accelerations.

We will assume that on a moving base information is obtained on the second
derivatives of gravitational potential. In this case, as demonstrated in
[4], from the second derivatives it is possible to form a second-rank
tensor
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Wee Way Wy,
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"'gx W. v IV,.

whare Wyy,.ss,Wyy are the measured values of the second derivatives,

The greatest noise {s created by the angular accelerations. Even with such
a small angular acceleration as 10~6 gec™2 noise is formed which is equal to
1,000 units, It would seem that the discrimination of a useful signal in

the presence of such considerable noise would bae as difficult as when meas-
uring the first derivatives of gravitational potential.

However, this 1is not the case., There is an important peculiarity of the
local gravitational and inertial fields =- a difference in the structure
of the second-rank tensors. It appears that the tensor of angular acceler-
atlons is antisymmetric and the tensor of the sccond derivatives of gravi-
tational potential is symmetric. Such a peculiarity of the fields makes it
possible to separate the matrix formed from these derivatives into sym=
metric and antiymmetric parts and thus to filter out the noise caused

by angular accelerations,

It should be noted that the components of the symmetric matrix are also de-
pendent on the angular velocity of the base. For example, angular velocit-
1es of 104 gec~l create noise of about 10 units, This noise can be filtered
out 1f use is made of angular velocity sensors, by means of which it is

now possible to measure angular velocities with an accuracy to 10-6 sec™l,
In addition, the noise level when measuring the second derivatives of grav-
itational potential can be decreased by means of placement of the sensors

on a gyroplatform, free in azimuth.

Accordingly, when measuring the second derivatives of gravitational potci-

tial in movement the problem of contending with noise is solved completely

and essentially even when there is a coincidence of the spectra of the use-~
ful signal and noise, which, as is well known, is impossible when measuring
the first derivatives.

Now we will examine the possibility of separating the useful signal and
noise when making measurements of the second derivatives.

For this purpose we will symmetrize the tensor Wiy obtained as a result of
measurements using an algorithm with the transposed tensor Twij:

1 1
W= (Wi o) F 5 (Wep— W) = Wy + s Wi

Hence

1 1 .
Wae= 5 (War+ Wis) 4 7z (Wee— Wi}
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1
w‘”_-_* "%‘ (Wuy"l‘ ‘ny) + T(‘VKV_ wx!l)

As a result of this operation, from the tensor w11 we obtained two tensors
== gymmetric gWjy and antisymmetrie ,Wiy: :

|
eWep === OV W) Wip = atop)i

“Wee+ 03 0] Wey 040y Wegumtogtog
Wi o Wip—sonppppen]  Wyem=tigto,  IVyyet wl4 vl Wyse=top0, |2
| Wae—tgny  Wey=-tr 0, W:l**“"l‘*‘“ﬁg

- .
aWijz2g (Wip—aW i) = —wrp;

0 0 —ty
Wi —wy=| —o, 0 o |

wy =y 0

[Initial subscripts: a = antisymmetric; ¢ = s = symmetric)

where ‘Jx, “Jy, ‘Jz are the components of the angular velocity vector;
o) x' o y? & , are the components of the angular acceleration vector.

The discrimination of the antisymmetric tensor is of interest when it is
necessary to have information on angular accelerations; otherwise it is
possible to 1imit ourselves to discrimination of the symmetric tensor.

The operation of symmetrization makes it possible to filter out the errors
caused by angular accelerations of the sensing element. After formation of
the symmetric tensor LY it is necessary to filter out the errors caused
by the angular velocities of the sensing element.

For this {t is necessary to have information on the components de,tJy, an
of the angular velocity vector and form the tensor

- 2. .1
...((-)"’-'-(n. (0,0)” Weld,
(w4 w? )
wporj=] L Osly (03+0) o '
2 2
W0, [ (mx +'mu) -

Data for formation of the tensor 4Jik‘Jk can be obtained using two angular
velocity sensors, whose planes of sensitivity are perpendicular.

The computation and formation of a secord-rank tensor of gravitational poten-
tial 1s accomplished using the algorithm
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Wee Way Wa Wee Wep Wa
lV,;ﬁ[pr Wiy Wm]*‘-“ewll-%‘wmﬂhl~~= Wye Wy Wil
Wi Wiy Wi Wie Wy Wa

'..(mzq.mg Wy ety
\ o+ wey  =—(0dt+ol)  ww, |,
i g0, wpr —(030f) |

Thus, using a priori information on the measured parameter and noise, with
registry on a moving base it is possible to obtain the values of the second
derivatives of gravitational potential, free of noise caused by angular
velocities and accelerations, even under the condition of a coincidence of
their spectra.

The proposed method can be realized, for example, in the following way.
3ensing elements are mounted on a gyroplatform, making it possible to meas-
ure all the second derivatives of gravity potential. In addition, this

same gyroplatform carries two angular velocity sensors. They are placed

in such a way that the planes of sensitivity of these sensors will be
mutually perpendicular.

The readings of the sensing elements and angular velocity sensors are regis-
tered simultaneously, Then the tensors of the second derivatives of gravita=-
tional potential and angular velocities are formed from the readings of
these instruments, After symmetrization of the second-rank tensor, which
makes it possible to filter out the noise caused by the angular accelera-
tions, the resulting symmetric tensor is summed with the tensor of angular
velocities. As a result of these operations, we obtain the values of the
second derivatives of gravitational potential, free of the noise caused by
the angular velocities and accelerations.

The considered method for separating the useful signal and noise can also
be used in stationary gravimetric measurements. For example, in determin-
ing the gravitational constant the seismic and microseismic oscillations
of the base of this instrument can introduce errors into the measurements.
In this case, using the proposed method it is possible to increase the ac-
curacy in determining the gravitational constant.

Thus, in summarizing, the following conclusions can be drawn. On a moving

base it 1s feasible to measure not the individual derivatives of gravity,

but the entire set. The local gravitational and inertial fields when meas-
uring the second derivatives of gravitational potential in movement havew
structural peculiarities making possible a new solution of the problem of

discriminating a useful signal against a noise background. Using a priori

Information on the measured parameter and noise, using the proposed method
it is possible to determine the second derivatives of gravitational poten-
tlal during movement cven under the condition of a coincidence of the use-
ful signal and noise spectra.
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PUBLICATIONS

uUDC 550.34
GRAVITY MEASUREMENT DEVICES, METHODS

Moscow PRETSIZIONNOYE IZMERENIYE SILY TYAZHESTI (Precision Measurement of
Gravity) in Russian 1978 signed to press 1 Sep 77 pp 2, 83

[Zhnotntion and table of contents from book by Vladimir Borisovich Dubov-
skiy, Izdatel'stvo "Nauka", 900 copies, 83 pages/

[Text/ The principles of designing static gravimeters, methods of taking
into account their inaccuracy, the prospects of increasing the precision,
as well as the possibilities of enlarging the group of problems which can

be solved using these instruments are set forth in the monograph. The main
units of the system of a stationary automated gravimeter with a multifunc-
tional feedback system, which has been installed on an earthquake-proof
platform with an adjustable height, are described.

Contents Page
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Chapter 1. The Possibilities and Prospects of Improving Static
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Precision Static Gravimeters. . . « + & o o o o 4 o o o o o & & 4
The Prospects of Improving Static Gravimeters . « « + o « « « + 8
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Consideration of Elastic After-Effect When Determining the Scale
Factors of Marine Quartz Gravimeters. . . « . « + + « « + o . 31
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Gravimeters . . . . . . . e e e e e e e e e e e e e e e 3
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PUBLICATIONS

SPACE PHOTOGRAPHY TECHNIQUES AND EQUIPMENT

Moscow KOSMICHESKOYE PHOTOGRAFIROVANIYE (Space Photography) in Russian 1978
signed to press 19 Apr 78 p 4, 348-351

[Annotation and table of contents from book by B, F, Fedorov and V. D, Perm=
yakov, Nedra, 3000 copies, 351 pages]

[Text] The present stage of space studies is characterized by the solution
of a number of urgent problems which are of great importance in various areas
of human activity. They include the study of natural resources £rom space,
In this respect, photography yields the largest amount of information. How-
ever, to date there has been very little special literature on this subject.

This book contains materials on the fundamentals of automatic photography and
methods of photography from space. The first part of the book explains the
structure of the mechanisms and methods for calculating the parts and assem-
blies of an automatic photographic camera intended for photography from space.
The second part discusses special features of space photography, gives the
diagrams and arrangements of various types of equipment, and discusses the
processing of photographic information. The third part treats the rules of
the operation of photographic equipment,

The book is intended for engineers and technicians engaged in the development
and operation of space photograpnic equipment, as well as for students of
higher and secondary educational institutions specializing in aerophotogeodesy.

Tables =- 15, figures == 95, bibliography ~- 72 items.

Contents
Page
Foreword 5
Part I, Fundamentals of Automatic Photography 9
Chapter 1. Basic Concepts of Illumination Engineering 14
1.1 Nature and Characteristics of Optical Radiation 14
1.2. Basic Laws of Radiation 17
1.3, Illumination Engineering Characteristics and Their
Connection with Energy Characteristics 20
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The Concept of Spatial Frequency Responses of
Radiation

Sources of Radiation

Interaction of the Radiation Flux with the Media
Passage of Radiation Through the Atmospheres of the
Earth and Planets

Fundamentals of the Photographic Process and Its
Automation
Essence of the Photographic Process

Photographic Materials and Their Characteristics
Light Filters
Photographing Process in Space Photography
Automation of the Photographic Process

The Structure and Calculation of the Mechanisms of an
Automatic Photographic Camera
The Diagram of an Automatic Photographic Camera and
the Purposes of Its Main Mechanisms
Photographic Objectives
Camera Shutters
Cameras, Cassettes, and Cassette Mechanisms of
Photographic Cameras
Automatic Focusing of a Camera
Mechanisms Compensating Image Shifts
Directing Devices of Photographic Cameras
Methods for Calculating the Parameters of Photographic
Equipment

Part II., Photography from Space

Special Characteristics of Space Photography
Problems Solved in Space Photography
Methods of Photography from Space
Special Characteristics of Photography from Space
and Requirements Imposed on the Photographic Equipment
Special Characteristics of the Movement of the Carrier
of Photographic Equipment
Changes in the Illumination of the Earth Depending on
the Parameters of the KA [Space Vehicle] and Factors
Affecting the Illumination in the Plane of the Image
Calculation of the Speed of the Image Movement over
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